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] L NEEORCTION

jhe ¢bject vf the present work was to determine
the lethal concentration of phoagene for doga for an exposure of
seven and onc-half minutes. the lathal concentration 1s de~
fined ss the least amount of the texic subatance in a2 gaswair
mxture which will produce the deaths, within 10 days, of a majority
(66-8/3%) of the animeis exposed to & given concentration over &
' definite period of tire, 1t 1z expreased in milligrams of com~

e w8 e mam W R Al . -2 e
Ppoun por liver o0F aire

Ade_ SINYARYS

The leaat concentration which will cewse a mejority
of deaths within & period of 1O days lles between 108 and le15

milligrama per li tar. ihe average conventration for the six doge
within the range indicated is l.1 milligrams per liters

I1l, GCONCLUSIONgs

The lethal ooncentration of phosgsne for dogs after
an e-posure of 7-1/2 mimmtes moy be placed at l.1 milligrams per
litare

Shie ia the egquivalent of 270.6 parta per millicn at
25°C. and 760 millimeters barometric presaure.

Il[ mﬁm}r@h‘fﬂl!

Ae The apparatus used conaisted of two electrically
driver alr pumps with an egualixzing chain for ateadyins the constant
flow of air, a2 mixing bulb in which the gas-eaiy mixture was made

and s large glass-aided bex (inmer dimensions 74.% x 69,8 x 71.2 com.)
with 8 gliding front. ihls glass chomber was sealed air tight

except at the polat of entrance and axit o the gas-alr mlrture.
Tne phosgene used waa 99.8% pure.

R v o
i

e NSt sther A L3 s et

ﬂ'ﬁ;ﬁ;um o Wdd s

s M A




L o L N

£

be DBefore dofs were pleced in the chembar,
gonoentrations were determined by preliminary rung. dhe
flow of ges necegsaary to malntein theae concentrations wae
ndted and the yur repeatsd wlth dog subjeots. Imring the
actus) exposure of the doge the ¢omcentration was &gain
checked by chamical ancl ysis of the gas-2ir mixtures 3amples
were aspirated frou the chamber during expesure, sbsorbed in

2 puiteble solvgnt and subsequently analyzed. The method of
analysia was the modified Mobr method aa assaobled in brief by

LeLs Setler in mghemical Methods up to iay 1918%, Laboratory of
the Phammacologloal Division {Referonces P,R.S5. VDle Yy 3te H0je
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Dog Nos Concentration
o _%_g;g/ liter
135 0,99
146 ‘ 1405
19 1408
1638 1.08
166 1409
160 1.1
176 \1013
167 1.15
171 1.17
154 1017
179 '}.olS
174 le8
178 la22
120 125
- 164 127
172 1e3
175 131
52 1086
133 1,36
142 1.38
171 1.4
134 l.48
o 3w
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s o atn el daid

Dlaed after 17 hours
Living after 10 dags
Living after 10 daygs
Jied sfter 6 hours
Died after 22 hours
Lied arter 18 hours
Living aftoyr 10 days
Died after 22 hours
Moed after 10 hours
bled after 50 hours
Died after 16 hours
Tlied after 4 hours
Living after 10 days
Uled after 36 hours
Jied after 24 hours
Died zfter 19 houra

-Jted after 30 hours

Died after B2 hours
Living after 10 daye

Died after 11 hours.
Died after 57 hours

Dled after & hours

4
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Dog Iits concentration nesults

— s/liter .

173 1443 Died after 20-1/2 hours
112 1.52 Living after 10 days
115 2011 Died after 16 hours

Vo CLINICAL HISTURYS

As During Exposures

Irritation was evidenced by continuous blinking
pf the eyes, O0ccasional sneezing and slight salivatione in
some cases the dogs lachrymated after six minmuteses Restless-
ness was manifested during the first minutes of exposure dbut in
generzl the dogs remained guiet, awalting relesse.

Be _¥ollowing Kxposures

Following exposure the dogs were very quist and
slightly depressed in practicelly all casess Their eyes
remained open and were clear and normal in sppearance. In
a few cases, at the end of 12 to 16 hours, there was & slight
watery discharge from the noses

: Immediately following exposure, respiraticn was
fairly normale Later it usually increased in rate, rising
to as high as 40 to 44 in some cases. Furthermore it wes
irregular, and ofter audidle, Coughing was noted in one degs
When dogs died within 6 to 12 hours the respiration soon became
very shallow and remsined so until deathe

Immediately foliowing exposure, the heart beat
was regular, btut within a few hours decreased in rate to as low
a8 64 in some €&5386S. when the dogs died from 12 to & hours
after exposure the rate seemed to increase to about normal
or slightly abovee



VIe GROSS PATHOLUGY:

vhe external examinztion of the dogs cutopsied
following exposure to phosgene gas revealed nothing abnormals
Generally speaking, the dogs were in good conditions jhe
gyes were clear and the nose was free of fluld. In some
cases, the mouth was found to cortain a blood stained watery
fluide Qocasionally this fiuid had poured from the mouth and
after dewth wes found ccked on the hair of the facee.

internally the following pathological changes
were noteds the macous membrare of the lerynx and trachea in
all cases was slightly injected, injection occurring between
the cartilaginous rinzse the lumen in all dogs was filled with
an exudate which was ei ther B¥ear and mucoid or bloody and frothy
in character. This exudate extended down into the bronchis
Further examination of the dogs showed that they may be classified
into three clesgses esccording to the time of death =-

le Acute - dogs dying within 48 hours.

2. Sub-acute - dogs dying 3-1/2 to 10 days
following exposure

3¢ GChronic ~ dogs dying or killed after 10 days

In the cases of acute deaths, upon removing the chest
wall, a very striking picture was presentede 7The entire thoracic
cavity was filled by the voluminous lungs which did not collapse
upon touching thems In a few dogs the lungs practically con-
cealed the hearte. The color of the lungs was quite charactexristic.
They were purplish red with irregular blulshk-~white patches, giving
them a decidedly mottied appezrances the purplish color was due
to the extreme congestion of the vessels whish was notlced immediate~
ly, while the bluish white areas werse due to the emphysematous condi-
tion of the lungse Generally speaking, the lungs were doughy and
pedesatous in consistencys 1In dogs dylng within 6 hours after ax=~
posure, the emphysematous condition was not so marked while &n
those éying in 23-26 hours, it was very prominent. upon cutting
the lung a fluid exuded which was usually straw colored from the
pale areas and bloody from the congested areass lhe cut surfuce
was generally smooth and regular, but in some cases, tiny greyish
areas were geen and the smallest bronchioples stood out quite xrominent-
ly due to the oedematous condition of their wallse (Oedema was
most maxked in the lower lcbes ard emphysema in the upper and
middle lobese The emphysematous areas varied in size from small
patches to arees involving practically the whole lobe. Bophysemns
was especially noted along the margins of the lungse In about 40%
of the dogs, 2 blood-steined fluid was present in the pleural
cavitye 4he amount of fluid varied from 5 coes to 150 co. In
this latter case, the lungs asppeared d&rowned. In about 50% of

-5 a




the dogs dying acutely, the right side of the heart vas seen

to be noticeubly dilated, and in o few dogs the left side was also
involvede The heart muscle ani valves appsared normael howevers
in three dogs, the vessels of the mediastinum seemed injected

axd the mediastinal tissue cedematous. The abdominal <viscerz

apfeared to be normal except in a few ocases where there was same
evidence of a general gplanchnic congestion, the liver, how-

ever, seemed slightly darker and heavier than normal and was ocC~-
casionally bile stained in the region of the gall bladder.

Iz the group of sub-acute deaths, the lungs were
found to be voluminous #nd heavye OCedema, congestion and em-
physema were found. The surface generally was smooth, but in many
cases there were pale pink firm areas which stood out above the
rest of the puffy, corepitant lungss In the dogs dying in three
to four days, these consolidated areds were less mumerous than
in the more delayed deaths.~ 7These areas of consolidation were
found principally near the margins of the lungse Upon cutting
the lungs and examining the bronchioles from above downward they
were found to become progressively more dilated and inflamed.
Many were seen to be filled with plugs of exudates Their walls
also appeared thickened, sp that on sectlon they were very promi.
nente This exudates was frejuently of a muco-purulent nature,
but occasionally was straw colored and clears Oedoma was especially
marked around the larger vesselse he posterior and lower parts
of the lungs were frequently heavy and consolidated and presented
a pneunonic appearamses The heart was dilated as in the acute
deaths and again approximately the same conditions were found in the

abdominal viscera.

If dogs survived more than 10 days and were then killed,
the following condi tions were found; the upper sir passages were
unaffected. ‘the most marked change in the lungs was the presemsce
0f oedemae Pmphysema was also found but was not so prominent a
feature as the oedemas The bronchioles were seen to be affected
tut were apparently in a state 0f repair from the previous inflam-

mztory condition,

Vii, COCLUS 1033
2Ae _Jiethal Concentration;

A condensation of the results 0f exposures on indi-
vidual dogs gives the followirg tuble, from which the lethal con-
centration may be derived. ‘




conce mgm/1 Deatts in  Deaths betwsen Deaths sotal rotal

from - to 24 hours &4-48 hrs. between Deaths per-
2-10 cent
days deaths
10 days
e e e e e e e e e S
1452 - 2,11 1/2 - - 1/2 50
1438 - 1448 3/4 - 1/4 4/4 100
1627 = 136 2/5 1/5 1/5 4/5 80
1417 =~ 1623 3/6 - 1/6 1/6 5/6 83-1/3
1,08 - 1,15 4/6 - - 4/6 66-2/3
S
0,98 - 1405 1/2 - - 1/2 50

Iumerator - Iumber of dogs died

Denominator - Iumber of dogs exposed

From this table the least concentration which will
cause a majority of deaths within 10 days is seen to lie between
1,08 and 1.15 milligrams per 1iter. ‘the average cbneentration
for the six exposures made within the range indicated is 1.l
milligrams per liter.

The lethal cuncentration of phosgene for a 7-1/2
minute exposure of dogs may be placed, therefore, at l.1 milligrams

per liter or 270.6 parts per million at 25°C. aund 760 millimeters
pressuree

Be Clinical Historys

Phosgene acts as a respiratory irritant. 1he
chief effects sho™n are the changes in respiration and pulse,
showing the effect of the gas on the haart and lungs. Dogs
dying shortly after exposire, are qulet dbut show shallow, rapid
respiration and increased pulse. 1In dogs which survive for 3
to 10 days, respiration and pulse tend to return to normal until
shortly before death, when the respiration decreases to a very low
rato.

Ce Gross Pathologys

When death is acute, the main changes are ﬁonfined to
the heart and lungs. t“he lungs are intensely congest:and pedematouse.

-7—



Dilatation, congestion and plugging of the bronchioles with

exudate cause the emphysematous condition seen over the entire
lunge. The obstruction of the capillaries leads to the dilatation
of the heart which is characteristic of this stage.

when death i1s delayed, death results fmm infection
of the lungse ‘the upper air passages are unaffected but there
1s an extersive infection and same destruction of the bronchiolese
he entire lung substamnce may be involved in this infection as seen

by. the pnewmonic condition when the lung is cuts Death is usually
due to pneumonia.

when dogs die or are killed during the chronic
stage of phosgere poisoning, oedema of the lungs is the most notice-

able pathological changes_ 1he heart at this stage appears to
bs nomal,

maorosocpic studl ¢s only have been comploted on the
pressnt series of dogse At the time 0f gutopsy sections of heart,
lungs, liver, kidneys, spleen and pangreas were preserved. Sections
of these were made but microscopic studies of the slides have not
been completede A future report will cover this work.

the determination of the lethal concentration of .
phosgene for a 7-1/2 minute expcsure is a part of a larger problem

for plotting a complete lethal curve from 15 seconds to several

hours exposuree The gresent report, therefore, is & part of a
future presentation of the lethal data of phosgenes
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